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[BW] ynx-i->i?x;i'7-< vpi7— tf (PD 
S3-Hf 5DNAi:t hPD iae^i;*>6^«.Si« 
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(2) 

J 

bhp^Dx-f >vx;V7>r K<y;A^- 

[iS*?l 2 ] S3^J#^ 2{C^$n^-24#a-'+4 
CO, fc hjSi«7;U>^5>:/U:/D6S3?tJS:3-H"r^DN 

HIES UT# &ns}BaG»<*. 

^, 30 

7 - lea: o Ti^WEiRf S C t tf 8 

[»«510] W*:S7~9 0ti-rn*^-«ICE«© 
*»lCj:oT#e.n<E). E?iJS^3lC^$n«lSi~ 

>i>x)vy^ H^fy^?— tr. 
CBi«3i 1 1 ] i^i^m^fi&fim^m i ~ a ©u^rn*^ 



4$BB¥6-3 87 7 1 
[IS«JB 1 4 ] SS*9 1 1 ~ 1 3 <DVirn*^-«lCE 
^ 5 -iffifi^ t SM t -r 5 3}? 'J '"^ H € 3 - 

[fS*3B 15] 3p u '^yg' H*tt Kj6ifl!7;i':/5 >r 

[0 0 0 1] 
[0 0 0 2] 

[«£*©««] in viJro_T®a;ttSeH<0?ltt{S(Re( 
oldiDg) ||»®ie»J;r). *'J'<:^9=-H07*-;Ux-< 

en (Freedman, CeH 57. 1069-1072, 1989;Fl8her S 
Schmld. Biochemistry £9, 2205-2212,1990) , 7*— 

-fVp^^— tf (PPi) *^ fit!m\z\ifny'-( 

(PDl) tf^:tUH+-»&£*< 
^Viffl^nrtiS. In vitro_©*»-ptt. Cin&OB 

n. ffle^i^wic^sanfeTSttgaseoin vitr 

o_T©fl«!)a^©fiJffl*^#A6nTV>5 (Scheln, Bio 
/ Technology _7, 1141-1148. 1989 : B*S 
64, 1035-1038, 1990) . 

[0 0 0 3] PDi«, pisftr, it 

»)sat-fi14<b-»5VMi3i^Sff5Ci:*»-CS-5 (Free 
dman, CeU 57.1069-1072, 1989) . PDIttJn vitr 

tS 7;p:/5 >ft H 'f e ;S * g SH* 45© 

»^CiT©iJX;i'7^ Hie-&©)l5fiE^3!«aE;£:«<SjiU 
fcO, xttftai'D::/u>^:/o=i7-y>ft£©i:'5 
JS;-9-:/a.=-y h«!S*}5r)Se?t©5^?-ra-c©2?x;i'7 
K«^©Jg««4:©5>£:*ffiji-rsci:*Jae.nTt> 
S (Freedman, Nature 329 , 196, 1987). 
[0 0 0 4] i«S,S**©PD I«, a«»?«Ki!J5^ 
7 =PAi 6 * U '^y?^ H ©*^y-f V- 1 UTSa 
b. $te*T»ttg©BV>p Iffl (pi 4.2~4.3 ) 
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(3) 

3 

[0 0 0 5] hC7)ffFKS3fcOPD ncoliT, ^(O 

7 ^ y KE2?»j;&««i5£$n, p D 1 At 2 mm<K>i^m^MiSL 

OffittS&T^yKK^^^Ots^jPie^tlTl'^^ (Edma 
D et ah. Nature317 , 267-270, 1985). 
i^>\t. in vivoT-f >yaU>g>vX;l-7^ Hte-^^ 
STcUy^O, RNase c^>?x;l/7>r HJ6^CD3?«Sl6£ffi 

>i^3aeTPD I tmm<o»t^t^z.ti}^mmtEnx 

(Pigict & Schuster. Proc . Natl . Acad . Sci . 
USA 83, 7643-7647, 1986). 

[0 0 0 6] PD I c^±ftrtT<o#afiii. wsiomm 
aie>nTv^<b/hjia«^rtffl»cPD i tmnizm&itvx^^ 

^ \^ts^<Dm^mi^mmr^t^^'^i^mzj:^x^'^ 

nrv^S (BuUeid & Freedman, Nature , 335 649-65 
1, 1988) . 

[0 0 0 7] PD I JCOMTti. .z^>^)ly^ Hjfe^cD?^ 30 

&^(Dm^si.^\z. sBm(om^^<of&0^mKj^\zh 

®^#lID^n^»'<y^ ]^(D'>^i')V^m Asn-X-Ser/Thr 
^iSa-r ^>^^U3S/;Mb65fi:)IS'&Sa@(PihlajanieDii 
et al., mo _J. J, 643-649 1987 ;. Gee tha-Habib e 
t al.. Cell 54. 1053-1060 1988) , ^ib\Z^ft. ¥ 
2RKxJ^;l'^>ijg&geM(triiodo-L-thyroDine binding 40 
protein) (Cheng et ai. J. Biol . Cheip . 262 , 11221- 

11227, mnu^tcDm-mm^tx. pdi^^c^s 
BmmmKmzm^^^m^i}mmtnx\^^^. z. 
tii=><Dmmzm^. FDij^^t\tmu^i^i'mx$>i> 
ti^. 7^ym^¥\±iz^^^xmmm^s>^»'f-mhM.^^ 
tB^txTVis. ^n^<omtbx\tPDi(om^mi<Lt 
^^^tix\^^^7 ^ /i§kmmtmm^i)^$)^mm^^ 

$nfc7:i-'J hnbrXFollitropin) •^;i'hatf> au 
tropin) fS.E<r>^BM^^)V^>^(Bom{Bce & Reiche 60 
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4 

rt et al.. Science 247 , 61-64, 1990). t^T^yr 
J''J)V^ J =y 5-t:X3^;^7x>f hi&1.2-v7-> 

)W)^lU-)Vt^ J h"-;H.4. 5- h U 7 X- h 
»Clin?Kii'^-r^BST$»0-^OiH=-rtlCPD I tffll^ft 

(Benoettet al.. Nature 334 . 268-270, 1988 ) , 
PD I ^PD I «i)^^Ol^ffirt^TC0^t>J?>Tl£i6)5:^ 

[0 0 0 8] £iL±c^cfcolCj£«S;^tt!i#;^t^lg$nTViS 
;!it, PDico^;/iSa«li»^rt&u:»TMcoi?x;i.7.f 

L;!^^ULI^b«. ^5i:^^^k^fi^W;^fiC[)PDI;^|tS 

V7s)vy4 H^y;*7-tf^tt;&«evia'&(cii. sag 

eg miCi^a^gSMS) ^^llMrtTTSftiH^ft 
'&^t:€:J^)5S■r^lSH01^;^^t^:cD-:^XJl'7>^ H-f y>^7 

TUPD I ^0'b§^:f3T$»^;^^ <Vpt7— tfi:LT<7) 

h<oaAOia«(^ffl*t«;iPD I mRNA^SOit 

m ;&^e»c:co:it;&^3fi<^i9$nTVi5> (Edman 6, N 
ature 314,267-270, 1985) , 
[0 0 0 9]^/S:. ii7C$n:rc4«ffiC05i:K*tgeH^« 

i^co;/S:e?)tCi£^Si:^n§i^Xjl/7-< Fte^OJ^^ttES 

cosa^f (3>/^-h;t>h) \zm^^<jy$k\^V7s)]^y ^ 
[0 0 10] z.ix^--o(r>mm.%x,i>\\K^%^m^^ 
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5 

[0 0 1 1) Lf)^{yiS.iA^. l^^^TlD vivoCOJ^Ty 
[00 12] 

[SW7!)^j»ftUa:^i:1-SP«g)S^ in vitro TO^lfe 

[0 0 13] t hPD I^3^^0bhjfa?S7 

jl/r/avr/l/ynEa^O^zj-H-rsDNAiit hPD i 

[0 0 14] $e»tc^fc. ^«is^ig?^SEa 

t h P D I C i lC<fc ^ 

fe:^^ U H ©KS*J£^S#^-r -5 t s a M 1 1- 
[00 15] 

^>yV:/niEm3-Ht*'5DNAil:: h>^DT--r> 
[0 0 16] OTlC2ls:«§gco»«i^Ui?gr^. 

[0 0 17] bh:/Da'^>v7.;i'7^ F-rv;*^-if 
(protein disuiphide isomerase ; TPDIj t^Wt 
<b) cDNAS:Zi-H-r^5^D->«, thffFKAgtll 

cDNA^-r:;^^U"-Rr;bhteSAgtii cdna^-t 
y^u- (cloDtechtD i)'^(^'A<o^^\zbx^m'^n 

[0 0 18] thfffiaRt/thffifiAgtll cDNA^^ 

-i^DNA^y>c)\^^-\z&^t^. bh:/DU 
> ^-y^mimm (pd i tm-^y/^^^w) cdna 

[Pihlajaniemi.T. ^ (1987) EMBO J. _6, 643]0 243 
282#e(7):SSE^Jc^ffi^i®!C^j^;■rS40 mer 

u :^T-D N A $: :/D ^ A-r u 

07r-vDNA^EcoRI mitL. n^tlltmsO bpO 
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-f >-y— hDNA^PDI cDNAX^?U-->^fflyn-y 

^±E:7r— :^DNASX5^U-->i/'UT. Ktt^^a 
[0 0 19] ;i<o^o\zvr%intzm&(om^^u- 

>S:EcoRI ffiifcUTEcoRI h DN ASrft-^^ 

T. ^^a->o^>-^-h\z^^^xmfmm^^^rF 

jSL. PihlajaDieniie(r<t^ffllSS3R^Si:lt«b^te 
BflEe&*(D^^D— >(pHPDI16) tteSSJfcO^^D- 
Ji? >(pHPDIp4) tTthPDI cDNA©±fi£*;t-L 

x\^'^^ctf}^&mt^tx^. 

[0 0 2 0] mi^t2->(DDNAm^mn^9t&hftm 

C:n&0^7P->;&«??tJS^lJC^$n^»±:^2454 

m\tm^mm\z7ri^t:^K^x^'o^. &m^. 
ffiifi$nTi.iSi:^^e>n. asp^ iz^tn-r^iymor 

[0 0 2 1] PD I 

^DNAi:g3gbhPDjae^t*^e»ft'5®feaG^ 

[0 0 2 2] Saie3Sfi^li> m««i0Clc^t-<}: 
y\z. S^PD I36e^O±^S^cey^'yDiB^J$:3- 
F"r^DNA^E§$^S^:i:^c<toTl^ffl$n#S. 
fib, t FPD I S:a^?in>/^-F^>h (/hteft^i: 

[0 0 2 3] pHPDI16Rt; p 

HPDIp4 DNA$. *irEcoRI/PstK PslI/BaniHITtBftb. 

&t;jS^I1.3kbp<0DNA»r>i-«r#v P5SrM*€rEcoR 
I/BamHI H^^^-pUC119tcai!gL (phPD 

lEB), Kunkeia [Kuokel.T.A. (1985)Proc. Nat I.Acad. S 
ci. USA 82, 488 ] (IcfcO cDNA±(OPD I >'i^:^;l/ 
E^JirPD I*flctcoiKl^gS»llH®»«NaeI«»rBSfl: 
40 ^«AU(phPDINae), Nael/Hind III JBftlCcfc 0 PD I 
vi^±;VE^J$^^^V^m.7kb (DPDI DNA BfM'i&# 
^. 
[0 024] 

pUC119€:EcoRI tSftb, rniCXhoIU>*-: 
5 ' -AATTCTCGAG 
GAGCTCnAA-5' 

^SISU, XhoI/BamHimU CiniCb hifilffl7;^:/^ 

> (KT THSAj t^mt^) :/u^umm^miSL 

(pUC 119 Sig) , SluI/HiDd III ?H{bb3.2kb CDDNA 

50 mi^^n^ (HSA:/u:/umn(o^^mmi&<Dmm 
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[0 0 2 5] phPDlNaeE6*©1.7kb DNA ISrM-tpUC 119 
Sig ^^<m.2\\i DNA 0rM-$iiilSl/(pbPDILyl), EcoRI 
fSft. KleDow»rM-ICJ:«>Jlim'(k, BamHI ffl-fk^Jg^fr^ 
THS Ayw:/DE^Ti«»Ct M^D 1 **):?S:ffilSUfc 

[0 0 2 6] *^OT©)i«iie^Of^a;&SX(y:-€-0« 

[0 0 2 7] mmm\z7k-^n^-2 

4SB~+4 9 lSe®75yKE^J*ri-H-r-&iaS 

igSE5i|tSlf!Wlc|^«®f^ffl&^-rae?, 

H®«SlcS-:J< StlgSE^J®SI»*tt^T* 
»iKlCfi^$n5. «^tf, *«ig®SIJtt8«lwJ:0, 

[0 0 2 8] *fE??a«S3te^SS^ 

[0 0 2 9] *55waiieaeTFS:ia*atf&*®'<i7^' 

-tt. «±rtT«SWteT*DJi:3l«SigS^f-5fe® 
an;twyja>Rr;^fliE9iJ&^ti'<i7^'-*t, 

[0 0 3 0] *«?«®»^'^i7^'-€:«}St--5fc*®'^ 
i'^-fcLTH. WA«*£aKAlCJ;5!|$ffi3|i 2-1173 
84-^4^aiCliSffl:/7X5 H PJDB-ADH-HSA-A (^10 
-C#ro A^ffifflSna. J:®:/7X5 HISHSA CDNA& 
^fcBeTJWn-jPT^t H^y:^— (ADH 
I) ynt-^--, ADH^'-5*-^'-, 7>K->«J 

>si±»e?^(Aiiip' ) , &m.eu2Jie^Fs■t^T^i^). 

^(Oltib. C1®7'7:^S H^&, Xhoimu, KlenowSrM- 
tCj;D¥JiU, BamHI mUTHSA cDNAS^^-TS. ^ 
e.*lfci||!j8kb DNA »rM-®5' «i&R'J >Kfl:Ufc^, U 
^®*SI«aite]teT&aef5CtlcJ:0. ^^^7 
X5 H(pAEhPDILyl)S:^«)CltdtT#5. t>^5^. * 

jj^Tfr «)Sij®as®'^i' ^'-sffifflf s c 1 1 T# •& . 

[0 0 3 1] *55?«tt35lC, *»§g®5gS'<5'^'-r 
[0 0 3 2] liitbTtt. :^a}B, tt?S;a:f©ll« 

SiBStL/Ttt, Saccharomyces ce 
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iiyn\M ^im\i^n. *55??®}gHeft«JJ®l^§llc* 
&oTli1tlCB«AH22tf|c*tSf3itffiffl$n.5. *»W 
®«SH#1-T*4*^ Be£yi.®Kttfflte («^Atf. Kig) 

^fflfi'N® »S '< 5' - ®» A ttfflffl M:3?ffiTllliSS 

tiaS?Lft!*fll<tO^SlcggJSSn#<E.. BW® 
^nWSkmi, SS'<J'^'-*^pAHhPDILyl®«-&, ^6 
n&Kfr?£SD(-Leu):/^-h±-C«f|-r5Ctlc<fco 

[0 0 3 3] set? T, ±j$®J;5JCL.T 
<^Ktfc}e!aem»f*3-C*aW®aiBae^S:»iS^5^ 

[0 0 3 4] fip-fe. *»i^aiefi&?^&ig±rt-c»^^r 
a? Bt, iifaaiBjEe^i£«sS'a-S4*frTT, mim 

[0 0 3 5] iaitLTB«S:fflVi<5«^lC«, thP 

khPDi*iaie^Stei:UT»»3ns. hx^m^t 
[0 0 3 6] ]S'£:,>^aiicj;r)iniia^«ti«%^%^fi 

-lC»ftS il t IC J: Dffl^Ak h P D HI:?fglC«S* 

VJ*t. WAtiTSK-gel PheDyl-5PWlSzKtt*7A CSV- 
® *^ffifflSn#. ^ffl«-&mAkhPD I ttKC 1 
■&^r*'>SES«ffl[ (pB 8.0) *0.85M*ie, 0MB5K7> 
qEz:'>A'N®jt«iWaS43ElcJ;r)^fflSn#S (S4 
0) . S D S ®a»®i»«r (H 5 0) t h P 

■sW Dili. JtlSSkDa ®^>TfiS:WU Sfc7.d'7>:/JI'H 

•J sP^i U7— If A®f!ffl^®gss}Bg t UT:£a-r 

SUttiO. #etlfcmiftAkhPD I BPD IStt 

[0 0 3 7] *5Eig;&ffil::J;^TM4$n«.fflaAt h 
PDItt, ^«IS!®t KPD I i:Jt«LTN5t5ffl75/ 
Wfi AspJi^eGly JC5!cS!anfe"b®T*:3fc. ^S-aT. 

49HB®75>'K*»6«*E?ilS^3lC^$n 

* Giy Leu<" ®7SyKE^JA^6ffi«;$tl 

affl^At h P D I S"bSft-rs. 
50 [0 0 3 8] *5ilBtiS6.t. *^55S^ffi;5:, thPD 
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CO 0 3 9] jgHeaftfrosfflieffle^tK^jfeffle 
(0 0 4 0] eii.*»e^^»cj:t?T3-H$n*#'j'< 

3 tlfc P D I ett<iD3a«*^jig?55iS. 3}f J 'A:/^^ F © 20 

*ft:S*l*aC^tbTt hj4lfl!7Jl':/5> (HSA) 
[0 04 1] *e3«IS«f , r:^ U ^-^^ Hj ;S:5fflM 

[0 0 4 2] Sfclg^tura, :*:ffi@. fSmS/Si:© 

m&m&. mm, wi<^mmts.S(onmmmmii<bn 30 

[0 0 4 3] *S?BttSeiC. ±fe}gg(Ettft:|*jT, t 
h P D lae^ tffi©:*?' J '^T'^^ H S 3 - H-r 5^1-*jfi 

[0 0 4 4] *56W©SIJfifi8»CJ:D. bhPDI^3S 

nfcBSrtrHSARr;pD i Srescsflfi+T^sa 
[0 0 4 5] a8s«cj6)«$n<br>'bOtt?avi*<. 

tC J: ■£ H S A5J»fi©JiDD»wM UT««T© A ^ IC# A 
(0 04 6]HSAtt, 1 7ffl©v':^;U7W HJg^S:^ 
©S««S5KlC*V>Tfl:¥filiMS©PD I (OWmzi: 

0. •t©iSi^»}iue«*<ffijisnsi.t*<S]&nTu 50 
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[0 0 4 7] B«HI S 2 3*lclCJ::3T, HSAftnlS 

^j^d^iKtasnT^i*. sDssascSfcjSicio. mm 

|^©HSA-fe»«Tr5i. ®7cSI#ttTTttyjl'±T* 
-/\-> H t bXlEliftH S A^J-?-i:PI-©4^«lS*r© 

tts^-s^asr^-r. i:n&©j8«tt, werttsiFr 

SHSAi^^tt. i>^rti'7>Jl'7-< KIS-&*t^%±C}g 

^stxTVi-s&fe^ustmssns. pdi* 

^fcUffllSTI*, iffltel*9©H S A©jl7cffl##«E 
TT© S D S ®^»»lT«. H S A»?-ttn3R© P D I 
c DN AS:*5SS**TV»;a:UBSgd^&#fcifflat'3H 
S AK!|EJ tJt«ELT<fc t) S t Stjfcn> H t bT«ffl$ 

nsitA^e. PD ittHSA5j^rt®iE«a-:':^;P7 

tjT. mXii, ^*:£;5:«jiS:»t3HSA©a)et«3T© 

[0 0 4 8] PD I ?£«5!S$-ftfc«^tS-a-;&: 
Vs«^T©H I S 2 3 Wflaf^©HSA©mRNA?¥tt 
fiOorthernyn<;/hfe»i:iOitRf«t, PD !«£ 
TS:%^S-B-fc«-&tH S A©mR N Afi*tJgllDbTti 
-5. C(OCt\t. PD I *»ifii*HSAiH^lCfPfflbTti 

#'v©^^fTiae£^^■r■^)aBtertl&sllc«< t hjfiifB7 

Jl-lfS. >©U-^'-BS?iJ©M^fcJ:oTk hPD 

IC*ViTHSAt^#L, mmUS A\Zi^mL-/tZiiifi 
HSA ©^ ^U'^Jl/?£±#Sii-fc*ilHT»5 t#>Lfc 
»a^*^J:0¥l«TJb-5J;5C«-AS. HIS2 
3»<fcl3i)»;Sn&HSAtPD I ©S**-5i:. PD 
I ttHSA®Sc»i>»SnT*D. S^fc«Kl*9lCtta 
Sn^bhPD I l/'<JV'bS5V»Ct*>e. ^ttHSA© 

Id vitro -goswatcfei^rffliigams^-rgtCig'S 

nTV»«>^)®t}«3£Sn-5. ^©JlttSfc. PDI*« 
HSA iriSSf^ffl UTV>5 1 1 S3£RfUT»r»5 J: 5 

[0 0 4 9] C©J:5t. HSA©«!!TPD I©^«S 
D I *»itftHS A©!a*«!jgJ^«Jw«V»T»r>iPliBtt*J 

±«i;:tJV»Tfel^-«sartTPD I sasicJii|i»sa 

^^z.t\z^o i^«i®}^»a©iaiiDSES«*»fli**T#«) t 
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[0 0 5 0] &sT<ommm\z^r), ^ib\z^^m^^^ 

[0 0 5 1] 

[IS6SW] 

h hPD I (protein d'isulphide isoiDerase)cDNA(D^D 

bhJff!aAgnicDNA7^:;^7U- (Clontecbth) moO, 
000 ^^n->$: Q,2%<D^)V] — T^Sr^tTL BJSifi (U 10 

Tshy^h) T37t:-ttig«bfc:fe]®®Y1090»i$SI« 
500^1 tS^U ;itllC IM HgCIt 5 //I ^JDAsrc 

Tio^) wMt*^ c t ic J: D 7 7-i^^±mm\z^m 

M HgCU^^n 0.7%7:^a-7.) ICtOAJg^^. 23cm 

37'CT-?*«aL.7r-v^&iiM^-& 
fc. m^nityr-'J^y-Oi^^- (Hybond-N, Amersh 
amtt) (Ci^U, TJVti^mm (0.5N NaOH :fe<fci;0.15M a? 
NaCI) (CgLfcSMM Siffi (WhatDan ft) ±\Z. Vy-V 
0#gM$±lcrp]^tTli^K®^, ^ViTl'faSat [IM 
Tris-HCl(pH7.5):fe<tm.5M NaCI ] lCgLfc:I^«iffi± 

I:: 1 ^:^mBVi;to 2xssc mWL (20 

XSSC =3M NaCI i5<fcl^ 0. 3M^X>KH.:^ h U '^A) 
Ttt^?. aSiSfe. UV^ItS:25^RgfT5J:a:tC«i:07r 

7><;V^-S:IBtiTttT<0^iatc:«eoTt: bPDI cDNAcO 

[0 0 5 2] :/D-:/tcji. t h:/Drj> 4-7KK^b» 20 

n (PDI i:[^-^>/^:J?^) cDNA Uihlajaoiemi, T. 
et al. (1987) EMBO J. , _6, 643 ] CO 243SB;!i^i^ 2 
82#iOSISE3?llcDffl*iSgtcm-r'&40iner 0:r'Jrf'7 

-DNA (5' -tggcgtccaccttggccaacctgatctcg(;aacct 

TCTGC-3' ) aibDNA^^ (Applied Biosyste 

[0 0 5 3] ^^SDNA (20piaoles) S: SOmM Tris-ECI 
(PE7.5) ;10inM MgCh , 5inMv^:t;^ W h-JI/, 10 
0 aCi [t-"P] ATP (-SOOOCi/mmol, Amersham 
tt) :tectm2mttC0T4 4^U^i7l^:t-5^K4:^— If 

Sjga) ^-^ty^iKso/xi +T37t;60»pafifE;$ii-^c 

hS^SdOOXxWNJW hS^= 2%^z/skm7)V:^^ 
>, 2%:7>f 400*3<kz;2%3pu tf-;nfDU H 
» > IM NaCl . SOmM Tris-HCKpH 7.5), lOinM EDTA 
(PH8.0) , 0.1%Hxv;Hf;^3v>K:^^U'>A:teJ: 

u/\'i^^)y-(M-i^3>mm\zmo/' cpm/Dii<o±^^ 5^? 
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SSDNA$^tfSS» tt'lC37'Cl5Wp1SL.yi:. CC0:7>< 
>IV^-^ 2XSSC gffi^ffi(.^T^taTiSt»L, $f»tC2 

XSSC. 0.1 %V7'i^)\^if}vzii^>mi-vuoi^mf& 

T42'C30i^PB^8fe^ UrcSXiH 7 ^ ;P A (XAR-5, Kodak 

n) ic-8ot;T-eftS5t$i3:fco 7>f;bA(0ii»oijs 
^n^oi/^±)v \zm&t:b&.m ic ^ 7 r - V i£ ±ia 

1/- h y t UT^ 0 St 0 1 ml (0 S MSgT?ft 
[lOOmM NaCI. lOn^ MgCli . SOmM Tris-HCI (pH7.5) 
*5i:i;0.0196-tf7^>] iCgL, 4X:T-«fe»Sr-5C 

-i^jcoir^T, -^'ni?ni^*:xi^»j-->5^a:i^fii<^* 

X U -x >i;^£f7V^^^lcm-OR§S^5^ D- > t bT 

[0 0 5 4] #^nrc^tt5^D-><^:7T-i^T)NA $Le 
der ^(D-Jj^ [Leder.P. , Tiemeir.D. h Eoqaist L. (1 
977) Science J96. 175 ] tC<t DSISbyi:. %ibfl1t 
yy—PDNAO l/Sia^SSfSK [lOOmM Tris-HCI (pH7. 
5) , lOOmM NaCK 6mM MgCIt , 6inM j?tj^:^yhx^ 
Q.l%^y9->. 20Mg/mlU3l^^^7W7-1f 
A:fe<fcU^20mttO EcoRI (=iy:^>i^—>m ] 50mI 

T37X: mWtfifi:^. 0.8?67^D-xy;UTS^^§c 
idSrfTofcieil. ^:cO^tt^a->;0«*?I150 bpO-f >1J* 
-hDNA&$trCt72it»7:i^^;to ^yT^n^^- (Ge 
oe Ciean^", Bio-lOl tt) ^ffiV^T-f >1J— h DN A«r 
5^18 • [5IiKbfcDNAWM-ft20ngt EcoRIT 

?8^bb;tpllC19 ^^^-moO ngt&DNA^-fy-i^ 
3>=^yh (^Siitt) A?0[2Om1 . B?R4m1 
?0[<tiT16'C15^PflSi;6$'ti:^ t ir<fc Oi^D N A $:ajg 

l>THandel& [Mandel.M. & Hlga. A. (1970) J.Mol.Bio 
I. 53. 154 ] t::J:0:^]l®TGl«c^j^He^L;/i:. 

BSlft 100mlT37t:-Sfe«SU. 7JU*USmS [Birn 
boim.H.C.a Doly J. (1979) Nucleic Acids Res._7, 15 
13] IC<kDy7X£ HDNAi£«®tfe. XLOy^yTs^ 
HDNAlO/igS^JSClOOinM Tris-HCI (pH7. 5). lOOnW 
NaCU 6mMMgCl2, 6niM :?<;i/^:/hX:$'y— 0.1% 
■e^5^>:fe<fcZ/ lOO^ftCD EcoRI (Xy2p>i;-> 
it) ] 200 Ml ^T37t:iP5rp^tS{fcS, 7x/-;Vffl 

x^y-jl/«:®€:fTi/i««gL. o.8%7^n-xy 

^Vm^acidfr^rco mSObp (^<>1^-hDNA<£^)^^ 

i/^\zm^^^^xi-^h\^it. 

[0 0 5 5] fchPDI cDNAO±SSr'&t^^□->^#-5 
rcii>IC, a86Tt HffFiaAgtllcDNA^-f r^^U- (Clon 
techit) *550.OO0i7D->:fe<fc^;t hfl&SAglllcDNA^ 
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laiSObp thPDI cDNA»fit»100 ug^ [a-^'P] dCTP 
()400Ci/mmol, Amershan It) iScfct^Ziy ^7 h U 

(i60'ci5^wab;t. ;io7^;i'^-^ 2xssc s^ses 

ffiViTSiiTflc#U, 0.5XSSC . O.l^Hxix 

XI87^;PA (XAR-5, Kodak1±) lC-80t:T-?afi83t$ 

^fc. 7^ji'^os«ote«, fflpga cDNA7-i':/7U 

-<J:0 6<@, fl&fi cDNA^-f >^^U-<kD SSOSgft 

:fv7.^Y^c^^-m\^ OEcoRi ffifi:iciJ':/i7D-> 

^m^^^hlt. -^-Oilg*, ffPK cDNA(04t)*3^y: 

ti^-o, ^co^-&©ffFEa**O^^D— >i::)(pHPDll6) 
»S6*C0^P-^>l'^(pHPDIp4) Ol-DX^tf^^-f^ 

^ n - > i h 1 a j an i eni ^ D- ><D*J(gBiS^0CD 
lttfi£:0^e>'ffflSnfc« pg^^n— XCOl.iT M13 SEQUENC 5(7 
ING SIT {immmm . M13 Sequencing Kit (^fSit 
tt) i3c};r;gi!lDNAx-^7X>lJ— (370A. Applied 
Biosystemsth) tC<i: DDNAfflSE^J^ft^L^, Pihl 
ajaDiemi eOx-^' t(D\kmz^r^m^ u—y\t.±^2A 

[0 0 5 6] b hPD I (Drnmrnm-f^y^^ ]^<Dm^ 

±iS0bhPDI cDNA^n — H1-S2r)C^i7D— >pHPDIl 
6 :te<tt;pHPDIp4 ^fciitcLTt hPD I COB^Idfett 

A, B^^JfC) . 

[0 0 5 7] 7;^:^»JS®i£»C<fcOSISXLfcpHPDI16 DN 
A «1 Mg^Sa [lOmM Tris-HCI(pH7.5), lOOniM NaC 
I. 6inM MgClj , 6diM Kx^ y 0. 

^^>. low© EcoRI (x-;#>v->tD :tectmO 
*a©Psti (f^iD ] 20a 1 ^TSTTC 0. 

%%715u-7sV)],xnMMm^ffy^^. PDI cDNAOS^fflJ 
EcoRI;^>f>PstIgBi>OiKl490bp O^^tDDN AKM-^i^ 
^X/^»:?^-lC<fcOi>S • aSUfc. -ir pHPDIp4 DNA 
Wg^rlSJS^ [lOmM Tris-HCI(pH7.5). lOOmMNaCl. 6 50 
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BamHI (I^th) ] 20^1 ^TS?^: 1 ^fflSfbSI^SJCL 
TPDI cDNACO 3' ®ffi5PstI;6^6 BamHlSSiJ-O^JiKll. 3kb CO 
g^ODNA^M-^i^S-aSLfc. ;i Oct 3 (CUT® 
iRU/5:!^DNA»rn--en^n*550ng;fe<fcr5 EcoRliSckt; 
BamHI T?fifl:U ilS«{CL/c::/^Xa H'^^^-pUCllS 

DNA»20Dg S: ^fiigttco DNA7-fy-5^3>=^^yhA 

»^ ASici; D^c^gM Vii90«ta >fcf7"> 
iSJftUfco ltg90iimicOX-€al :fV-h (50u 

g/ml 5-:rD^:-4 -^nD-3 — f>HU;W-3- 
D-:^f^^ htf^y>/H. sOMg/iaKvr/at!;^-/? 
-D-^:J-:^^57 htf^y vh\ 25Mg/nil7>fcrx'J 
X LBigife:feci:r; 1.5%3|L^) tC^V^i/i:. 3rCT-?ft 

L?t. ^^nft::/^X^H$ phPDIEBiigftlj'fc. 
[0 0 5 8] phPDIEB^fcartCUT. Kuokelffi [Kunkel. 
T.A. (1985) Proc.Natl.Acad.Sci.USA.82, 488 ] IC<t 
0, cDNA±<^PD I p^5^:^;i/E^ja:PD I cr)**i: 

om^^i^\zmmm^^hmw\^^^^x\^ito piipdib 

B DNA ^ffil'iT:^;W->»:7AS}CctD;fe]©»BW313 «c3> 

nDX-€: 150i:ig/mlO7>t;->U>$:$t^2XYT 
(1. 6XAi7 h b U h 0. 596 NaCl ^^XS 1% 
no h-f-X hX=^X h^;:^ h) T37r-ataiS«$fT 
o^Co rcO^^lml^S: 150Mg/Dil(O7>t:vU>^ 
^tf 2 X YTiSaSDml fcasaL37t:"t?$ e» iC^itLfc, 
(ODeoo ) 0.3@ffitC^L;ftti:C:^T M13K07 7 
T-i?^Di.o. i.=2 5gSTllD^37t:304>ra»«L®3^$ 
iifc- c:nic70Mg/inlOSffitc;i^J;'5{c;)t7±-7-fi/ 
>$linA37'C20^figSai&||SrfTo?S:. igilSSSa4>» 
BS(C3SlHj-#e>nfc±?SlCl/5 2.5M NaCl. 20964?»J 

x^l/>^/U 3-;i.#6000»?S^&Ja^ffiJ$U;/t^taT 
15i^Pp1»®L;/h. S'L^»KJc;0iiJ#^n>httK&5ElO 
TEig»fiK [lOnM Tris-RCl , ImM EDTA (pHS.O)] IcS 
L^gt^tt'ft^ X / -}\^^1S^7L9mt^^^mziS^\^ 

l/10$<O3Mg^K:^^'J^7A:feJ:r; 2. 5^(0X^/-Jl/ 
^ini Aaj*a-80t:T30»W»aL3Si^4^flBtCi: 0 D N 

A^ttSiibTiHiJRu^, ;ln€7096x^/-;^Tft^? 

L^aJE^^^S 100a I (OTEigSJflStcSWLfc. £^±(0 
:^STigHLfcdU$:^tn>hPDIEB 6*C0-*®DNA 
$ffiViT«TO#J(iTa»i-r^«SfiP^NaeieM4o« 
A$fTo;t. ^S«Affl-&*:t»J:^3:td;U:^-5^H(5' -C 
GGGGGCGCCGGCGCGC-3' . SSiglD ] lOpmolSrSffi [10 
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OmM Tris-flCl(pH8.0) , IOeM MgCU . 7mi^^^7.\^ 
h-;k IidM ATP :fe<tr/10mffi<OT4 3|?U3l^7U:t 

^'V^i—if (^mi&m ] 10m 1 ^tar'cis^PflsiE 

±IBphPDIEB fe*(^)-*iSDNA 0.2piD0l 
*5j:tXl Ail OT--U>!5^S®fg (Site-directed nu 
lagenesissystem Mutan^"-K, SMiSit) 

K^k^s^Affi-&«:tu:^^^^7^^5^HS^SlMI ^jg 

65t;i5^>. 37t:i55^»ii^. 25/zl' ©#:gig»J9[ 10 
(±E Mutan^"-K, f^^t) 60*fi:(;[):^l©gDNA»J;9- 
1f(Mutan^''-K, [^tt) :feckt;i ^{a:<;5T4 DNA2pU;!< 

0.2M EDTA(pH8.0) ^JfllA. 65t:T Si^^r^M-T-S ^li: 
u\ ^SOtil <^:^ffi®BMH71-18inutS3>trx>h-k;Vt 

Jinic 300m I osoc^^ (2%A-i^hhu:/h 

X 0.5?6-r"-XhX+:;^b^i? h> lOiM NaCl, 2.5 ^ 

m KCK lOmM Mgso^ . lOmM m^u^^mom^jvn 

-7s) SJjDA37X:i^WSfiL/;to $^{C10m1 OM13K 
077 7"-v$rllD^37t:T30^r^»Mft> 150Mg/ml(7> 
7>fcri^'J>:fectr;70M g/InlC0;it7:^T-r>'>^£■&t^2 
XYT^^lml^ilDA, 37t:20NrKfiabfc. m^tift 

^^m^m'bi^mu ±fi20Mi ^mi^L. :kmmuy 

1190««^^80ul tm^V. 37'ClO»rflJaii^, 150m 

g /ml o[)7 > t:e^ u >&^trL b ^i^- h ic^^37t:T 

NaelSSfi^X:/^:^^ HS:«i$"r^'bO$:M13 SEQUENCI 30 

NG KIT (^?^«6iai±) ^m^^itDNAmmRmmm\z^ 

[0 0 5 9] 7;i';^USB^TSISL?^phPDINae DM 2* 

1. 5' - TCGAGAATTCATGAAGTGGGnACCnCATCTCTnGTTGTT-3' . 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAAnC-3' 

3. 5' - CTTGnCTCnCTGCnACTCTAGAGGTGnTTCAGAAGGCCTG-3' 

4. 5' - GATCCAGGCaiCTGAAAACACCTCTAGAGTAAGaGAAGAG-3' 



16 



*MgS:SSffi [lOoM Tris-HCl (pH8.0). 2O1EM NaCl, 7ii« 
MgCI: . 7#tt<0Nael (n-;#>v->?t) fc^mo# 
&c^)Hind III (Sigjgtt) ] 30m1 *T37'C4^fflm 

SOi^V^n H>ici:D3-H-r^DNA»r)t^^n"-> 
{kbfc:/^:^^ FpUCii9Sig <o«^$«To¥^J(iTfTo 

[0 0 6 0] y^X^ H'^^:$'-pUC119 DNA iM g^S 
fa[[100inM Tris • HCl (pH7.5). lOmM MgCU ,50inM NaCl 
:feckr;i2*{4cO EcoRI (-y4^>i;->tt) ] 20m1 4" 

T37'C mMtBfbL;^^, 70t:5 5JKia^LTBfR^* 
S$i3b;t. ^*:?ciSa7K38Mi*5ctz/A^xU77;i/:S??U 
it3j^x:7r^— tri*& (^^SiStD £JiaAT37'Ci^ 

X:$^y-;i.aiKtC^l'iDNA$lHliRUfco ^ODNA 

5 ' -AATTCTCGAG 
GAGCTCHAA- 5 ' 

[66S1M Tris -HCKpH 7.5) . 6.6niM MgCh . lOmM 
O.lmM ATP *cfci; 30D*firCDT4 
DNAU:^-if (^Mii1±) ] 30m1 (fT16t:-«fe«ia 

v'>h±)V^f3)i^i^^I^mz^\^m^^mL. 50m g/ 

fflv^xy^x^ HDNA^i^su. mmmmmm^n^ 

:it\z^r^ B^tir^ihoi u >*-75tpucii9 EcoRiastt 

[0 0 6 1] Sk'TOSS.n^^^4mm(0:t^J::i^^U^ 
: 



^£SE!iDNA-&jEj« (Applied Biosystemstt, ^7=^;i^38 
OB) S:fflViT'&*L;to Cne)&><rft30 pmol 

[SOniM Tris •HCl(pH7.6), lOmM MgCli , 5mMv^^:J* 40 
XU^h-JK 0.2niM ATP &?/6mfiC^T4 Jj^U^^l^ 
^^H=^^:^-1f C^^iigth) ] 25m1 'I'Tsrci^raK 

UrJ^t^^Usf^^H^-gtrS^S^ii^ (If 100m I ) 100 
"C<^*?Slc 5 5>Pfl&® L;rcg^mT&ftL7--U >^ 
^n^ft. Ctl\Z 600^tt<^T4 DNAU^-- e (Sfi 

ig?t) $iiDAi6'CT~eft«iau. 77i^p^>hwo3j6 



[0 0 6 2] ±T&<DJholO>ti-^mKVrc^^i$^-'^ 
HI Mg^S?0c [IOOdM Tris •HCl(pH7.5). lOm 
M MgCU , lOOinM NaCl, 10mfi:<^ BamHI (-y^>V- 
>tt) :fecl:m2#&OXhoI (SM3i1±) 3 20m 1 4>T37 

T^m^i^x^ /-jviicmzXK^DNA^muLit. 
#6n^c=*^DNA7^^^^>h^^;^^&s^g■ [eemM 

Tris-HCl (pH7. 5 ) . 6.6niM MgCU . lOmM v^^t^X U-f 
h-;k O.lmM ATP *3j;tf 300*(fe<OT4 DNAU:;!/- 

-if (S^Sjgtt) ] 30m I *Ti6t:-efeRau;to cco^ 
moMi ^m^^x:kmmiuio7 «c3>fcfx>h-fe;i/$ 

:^;Pvr>AatCSeViJ^Ke^U 50m g/nil(D7>fcfv 
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D N A om^mmvx^^ ^z.t\z^K>^^tr^mSi 

^ H$r pUCn9Sigt«{*ltfc. 

[0 0 6 3} ±fgO^)(lTfPKUfc:/7X5 H PUC119S 
ig DNAi&7Ji/:i5j'J®®ftTi9SUrc, ;i<^)DNA2Mg 
[lOmM Tris-BCl(pH8.0). lOOniM NaCl. 7idM MgCl 

Hind III (SiSiitt) ] 4'T37"C4 ^RSIBfl:^ 0.8% 7 
jtfD-XyjVma^KltrA^tt. iKj3.2kb C^):^$(^DNA 

T#e>nfcphPDINaeS*(01.7kb DNA KM-iBSOngtpUCl 
19 Sig**©3.2kb DNA SffriRSOngSrSSigtt^-r y- 
V3>^*y hAffiSOMi BSt6Ml 4'T16'C30»r^H* 
a, 10m 1 ^ffi(.iT;^JVi^»i7AStCJ:0:^l^limB101 
n>tfx>h-fe;l' (^SiSth) ^mW^h. 50wl / 

H S37'C-^»®-r^ C i: tc J: D# e»nfc3 nn- 

ifiitg7;vy^ ><^yk:/nE^JT85lcb: h P D I 

Ufc. COT'^X^HSrphPDILylti&Wtfc. 
[0 0 6 4] JEil±C0<}:-5tCLT#e.n;^U-:5^-E23J5fe 

XSPD I &BfS7;v3-jvxfc:HDy:^— triae^ 

®*tr^Di9SLfc±l3 phPDILyl DNA 1 ii\ ^^WL 
[lOOiaM Tris • HC! (pHB.O) , lOOmM NaCK 7inM MgCli 
^5j:mom&<^ EcoRI (r:-;3p>v->tt) ] lOO/xl 
tt'T37t:2^^mi:a> ^$(^7x>/-jv/i7nD3jN;u 

IC1/10§0 3 um^i- h U A (pH5. 3) :fe<fcr/ 2. 5^(7) 

x^y-;i/$:JniA«i-&t, -40'C2^W»ELfco 

ICct # e»n;taJS^7096X^ /-;l/Ttt^*«:«E£^Ja 
USO/xl cOEleDowj^a^^ (Eilo-SequeDce ffiDeletioD K 
it, SSiSa) »CS»L. 4mti:OKIenow fragment @ 

mm (S^Sigtt) ^JnA37r45i>PigK;S$ii-^i:^:trcfc 
DEcoRi ^»rSS»co¥«fl:&fT-pfco :icos?Ktc:3V>T 
2iHi07x/-;i//i^Dn4^;VAfflfflS:fT;^t^i, ^e>n 
;t*Slci/l0SO3MgSK:?-hU»i7A (pH5.3 ) is^t; 
2.5$OX^y-;i/^jD7lS'&U 

/t. a'C^ic<tD^^n;t«:is&70%x5'y-;i'"ctt?^S 

SJEItjgU, 50 /il (DKIenowSa^jgc (Kilo-Sequence m 
Deletion Kit.SSiSIt) 4^(iO Klenow f 

ragment (^ffiStt) ^nXZir:A^^mK^^^^^t 
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ViT2[5i07xy-;U/^nD3^;VAaai^fT?5:Vi, # 
e»nfe:4c@tCl/10^<O3MWK:t-hU'>A (pH5.3 ) :te 

.tt; 2.5$c[)x^y-;i/$Jn;^Lg^U -40t:mra» 
su/t. aitic<i:o#enfca:K€7o«x^y-ji/Ttt 

J^SiaEKJSL, S^a^ClOmM Tris*HCl(pH8.0), SOidM 
NaCK 7mM MgClj :fe<fcmomttcDBainHI(Xy4^>>?-> 
tt) ] 40mI lCSA^L37lC3^raR>S$ii:fc. #6nfc 

DNAS?0[$ 0.89g7:tfD-xyjvmfL*S!i{w3&^*t. m 

1.8kb C0DNA^M-^^?'7X/'^»:7:$^-Ti^lB -ttSb 
fc. 7Jl/:^»JSffiSTg5EbfcpIDB-ADH-HSA-A 
(#^¥2-117384^^S[) DNA5m1 ^S* CIOdM Tris 
HCKpH 8.0). lOOmM NaCl,7i[iM MgCli ^J:i;24^&OXb 
ol (^Siitt) ] lOO/zl *T37t: 2^WIBfl:Si, 7x 

/-;^/!5^DD3^>ii'Ai*a^ 2in]ffvi#f.n:t*eic. 

l/10$CO3Mfi^K:M-U'^A(pH5.3) *3«l:t; 2.5$CDX 

ttK^LTDNA i&lEliRUfec ::<0DNA tt«^7036X^'y 
-;i/Ttti^^«B£KiaL> 50m1 COKlenowt8«ffi (Kilo 
-Sequence Deletion Kit. iSSiStD tC»«U. 4*^ 
(D Klenow fragment (^iBiSth) $lJD^3rC45j*M^ 
$ii:^;itlC<fcDXhol^»rSPi>CDT«{l:$fTo:^. ZL<D 

mm\z^\i^x 2 [PICD7X / DD4->;vAjfim&fT 

75: V^, #f>nfc^K^»CV|0^O3M»S±hU':?A (pH 
5.3) ;feJ:tf 2.5§<DX:5^y->ll/$JD>lfi&U -40t: 
S'D(C^Oa:«i:UTDNA&[EliRU:/h, 
^e>nfcDNA ^70% X^/-jWTft?*S^«ffi«:»U, » 
?S [lOiiiM Tris -HCKpHS.O), 60idM NaCl.7iiM MgCh ^ 

^mm^(oum{:z.vi^>i^->^ ] 40^1 

37t:753i3^raiB{fcbfc. ^ommzi^tiX <0 2M Tris 

■ Hci (pH8. 0), 110m 1 o«®*:fe<tr; imiSL<D:kmm 
C75 «*3fe7;v:fjU7*X7r5'— tf (^Siia) &1id 
^m^^L. eot: i^winiiaTsct»CctOB9ii«»Tfi8(Z) 
5' KU>Kfl:RJt:SrfTt>fco #en^sa[»ci/io$o 

SMg^S:^- h 'j ^ A (pH5. 3) ^^ZS 2. SSOX^' / 

LTDNA ^mi\SLb^^^mOu\ COTElCS^b 0.8% 
7:yn-xy;i/«§L8c«itC7!i^ltfco *?l8kb (ODNA EWIt^ 

e»n;/'cphPDlLylS*c^l.8kb DNA Wr)i-*550ngfe.tt;pJDB 
-ADH-BSA-AS5|5(7>8kbDNAI9r)tW50ng$:SSiittDNA ^-f 
y-V3>+u/ hA«g30/xl . BatSMl tS^U 16 

t: 2.5^^si^$-&i^NA ^mn^^'&ft. m^tiftm 
mmiotii ^m^^xtj)i^i^^d:^m\z^r)±mmcmm^ 

f^SeSb, 50m1 /MicD7>t?->U>^-&tyLByu 

\^^x7)U:h')mmm\z^K>:f^7.B, hdna ^gasb. ^ 

SB^»«T^£fT>i5 c tic J: 0 e W<i:-r^.7;^3-;Uk 

pDi ^a;gbfc:/^7.5H$«^-r<bj^®e««^ss« 
bfc, cco<j;^tcbT«^bmi »iS::/^;^5H$pA 
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19 20 

1 (DN*«g7S/Kt^sp 7&>e>Gly Icefc^^tirc. U, SD (-Leu) :/U- h [SD(-Leu)«ffi (0.67%A5^h 

[0 0 6 51 thPDI 5gS^K^(D=i>ha-;i. -hDy>^-X, 2«:/H'^ti. 20iiig/I o:)7x->. 

S«fiLfcpJDB-ADH-HSA-A DNA S/zl .^SfS^ [lOiM Tris- =f->. |^>t^:t->, SOing/l c05^avX l^-f 
HCI.lOOmM NaCI, 7niM MgCU ; 24mfl:OXhoI (l:SiS [^UvX SOmg/l (0:7x-;V77r:>, lOOm 

it) ^J:i;29*&0 BaniHI (-»;;3p>v->tt) ] 100 g /I 07;:^/X7=¥>K> m^)V^^>&. ISOmg /! 

Ml 43r37t: 2^^^8fl:s/7xy-;^/^^□D7^^;^A cdaux 2ooing/i oxi/:r->:i5<tt; srsmg/i cd 

afflSr 2lHlfTt^^^e>nfc;}c«(Cl/10$O3M»K±hU'> -tU^ (£iL±c^7 5 ^ Slifa^tMSIfi) ) 1.596 
A(pH5.3) *5cJ:r/ 2.5^(OX^^/-;i.=£linA®^b. - 10 m^] ±\Z^^s 30t:T«SLfc. S« 5B@lC^e.n 

40t:2(^rige?M^3a'i>ICJ:ODNA €:fct«i:UT©iRU /hJ^HKftft^ SmlOSD (-Leu) iS^tcSSSbSO'C 2 0 

C(ODNA ^lOXX^Z-JWrn^. jiBE^JSt, PflMSSftUfc. COtdigS^S 100/il ^ 5nil<^YPD 

50ai OKlenowfilWfflc tti lo-Sequence Deletion Kit, iSffiiC}^at30'C24^WSaS«L;to #e>nfcSS?K 

SMi&tt) tC®»L. 4^{t(7> Klenow fragment (^M 1. 5ml $rSi''^J'«tC?!iHt±fll 500xil ^[p)«b, ;inir 

iSiD $:llDAT37'C45i>^^«:$-tt:^;itlCc}:OXlioI:fe ^^cox^ y -;v^jn^?i'&«**lc 1 Ufc. 

*SlCl/10^cO3Mg^S:^hUOA(pH 5.3):fe,i:U: 2.5§ C0SDS-PAGEffl-t3->yjUg«ffi (125niM Tris-HCI(pH6.8) 

OX^/-;i/^£&i;^S'&U. -40t:i ^Pp^^^^SiWC . 4XSDS , 2Q%^^J±i)>. 10%&-^)Vtt':fhX,^ 

«fcDtt»a:LTDNA SEiiiXLfc. cns:i*E$s:*&S20/i ^ j'')\^^^m.oi%:/a=ey x.y-)v::f)V-) \zmm 

I mEtCjS»L, 0.8567:^D--;^m§C*i!)tC^^t, m 5i>W^»aSDS-PAG :fW-hlO/20 (^-{b^lSI 

8kb CDDNA »fn'S:^7;^/^'>y-T[eliRb;/i:. #e»nfc iS.) Izxm^^m^ff^tt. :i<oy;V^^m. (0.15% 

DNA Srfr#550ng^^SiiaDNA y^y->^B>^y h(0 ^^^y-^U ^)7>V^)\^-, 10%KKi5<tt;4096 pC^ 
P^m^iiX . B?0t6al tJg^L. 16'C-ftKiS$'&. XVk^1&. (10%WK:feJ:rM096;>c^/ 

aE]^telcJ:0SS4^fl:U;^ho C(DDNA Smo/tl ^fflt^ -M (cSL. SgSto^&miSifcbi/to coBn^hn- 

T:kffi® 101«cn>t;7^>h-fe;U (Sffijgtt) ^fe^r^l/v ;Vtl/T±gBpAH ^£ffl5g^iLT±^OpAHhPDILyltcr> 

^hmz^^wm^^x.. 50ui /iDi<07>tr>'U>^ i.^Tt±<f^1$co»f^tCctD#e.nfc«^-y->:/;i/S:[^ 

'&mB:/i^-hfc^^37'c-«ft««L;fc. ^e»ni^nD n\zmi\^it. ^=^m.m^t\^xy^7.yir')y-M\i 

X-(C-QV^T7;i/;^7USSS(C<fcO:/^X^HDNA (i^Tg94.000) , '>>'lfa?S7;V:/^> (67,000) , :r 

SSb. $(IiS»*«Sf$rfTV\ S«t-r^a>KD-;i.ffi 5^ it-7)V^^> (43,000) , :*-4^xy ^7>t H^-if 
:/^X^H^£:SK^^Ufe. m^ti1f^y7.^Y^m (30,000) , h U ^S^V-T >t fc':?^- (20.000) :te 

t^m^lt, ^na-y^VT)V^^> (14.000) ^ffl^^^fc (^3 

to 0 6 6] b hPDi cDBmir m) . iE-oiiem, 5>^S)Kj55K o^^gifti^&adir^iiD&t 

±.^O^mxmm\^1t\iVm ^my^XS HpAHhPDIL T#rc. C(^43r^Sfi, ^j?aPDI 05H^t-abT*5 

yl$fflt^^T^T«c^-r*ft"ObhPDl ©B^lict^^S OgWt-r^thPDI ;i5tKSi»«&b;t'fe>©tS!W$n 

[0 0 6 7] YPD^U-h {2%n^V^:fV>. IM Ct&SWi:UT£ilTc^¥MiT:*cai&S£fTo?i. 
-XhX^^;^K^5?h, 2X:/H':7»:fe<fcy: 1.596«30 [0 0 6 81 pAHliPDILyl^ffii$-r^B«AH22«c©^3 

±"C«SL;tli«AH22»(^m3DX-$ 5mlOYPDiS DX-$80ml <^SD (-Leu) ig^dffiSU 30*0 20^® 
i& {2%nt?h^:fh>. n^-7sYJi^7sVvi;h^^ 40 SiSHUfc. ^en:tt5SSiS^£80iiiiro4ia)YPD • 

r;2%:/H'>S) (CftaU30'C24^PD^®SS«Ufco C U>K«« (YPDS^. eg/l ONat hpo* ^ 

(O^mmWL 0.9Dil^45iDlOYPDiSife»zS@U30t:TS .tt; 3g/l CDKH: PO4, pH 7.0) lC»fflt, 30X:2 

SSUL, ODfloo (®S) 32i% 0.5IC^L/S:i:e:5T 4^RgSS^S^fTofco i:coSSSKS:S.Di>«IC30Hj- 

S: 3iDl<^ 0.2MLiSCN(CiS®b, •tO^'&O Iml^SiL^IC [0 0 6 91 

t^\mmthxm^^MWL\.'ft. z.iDmmz^^ii\ <d^^ ig^7&^e>(Dm^^b hpd i <D^i&t'^(Dmmt 

% PEG#4000, 10m I COLiSCN ^<fc(:/7;l'* USSffiT ±gSC0 J; LT#e>nfcJ^S<£«»«S«iS^ 4 I 

ISab:tpAHhPDILyl DNASffilO /x I (DNA27 a I ^) $r, ^ U #7 - ^ U XS^tifiigS (»l»i>^fi30, 00 

^t:^':;7^^>i^tC<tOS'&t. 30'CT-«fe»tSbfc. 0) ^IBV^ 40f&^StS£fTofc(100nil) Wl. TSK-gel Phe 
CintC lEl(0«@*^llDAIB®^i>lC.tDSfl^^«:® 50 ny|-5PWj3i;Ktt:^;7AtC<tD, thPD I ^mSib^to 
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(12) 

21 

ny)^&tiyA\tO.SSUm^. 0.05% NaNs Sr^tflOniMs^ 

•^K-iomM mmmm^ s.oxw-mithrzhcDi)^^. i 
mi/miD c(DmM^f^4m\zmr. msmiz 
{z^-DXhhFD wmm-om^z^ri^m-^n. 

f>^^. PDl^^^&:nLT\^^^Ctf}^m^i)^\Zlf3io 
fc. YPD^^lcS*f^«n8IS®iRifeKti, :i(D^n lo 
T V^yy^-\zX^X^t>^X%^^ < ^4T€r^ c 

[0 0 7 0] PDISttcDjM)£ 
PD I ^ttcoanjSl^. fiTc • ^tt • SK{blc«J:S;&ST 

[0 0 7 1] X^7>y;i'HRNase A Oi^H : 120ingcOR 20 
Nase A ^&k^7-V>m&. 0.1SUz^^:t7.l^^ 
;U&^tr3nilcD0.1MhUX«ffi8»ifo)H8.6 ICSjSUfc 

^O.Olfi HCl T^fl:$-a-fc-lr7TX5/^XG-25:^^A 
(15niiD<f)X38cm) TS7cSilS:iSjE*t;t. ^lOKm'fetCi'^ 

Sff> 4*0^148 raff C:oKlB^$r-80t;T«^F 
bfc%0^7.i7^>:/;i/HRNase A iiUTffiffiUfc. 
[0 0 7 2] PDim^<om&:^mm^^mi^r:i5S^ 30 

^)ymmmwL (ph 7.5) 20iiiitc, 10 /xi cdimv^:^-xu 

^0. 20m 1 09^tt»t*i?fc55inMU>KS»«[(pH 

7.5) 420 /ii iciDAaorTs^^^ft^-r^o ;inic±f2 

Xi7^>y;UHRNase S?0[5Om1 ^JpASCC. 15i>¥S 

jfe^-ti^o :i::t, i,945niioKftb:rc50niMhUxffi 

SiiiM ^>ft:Ty:^^>'^7A, 25mMffift::^U'>/x$^tJg 
»Jte)H7.5 \Z. 50mI 0<-:^hRNA^ffi (lOmMhU 
Xffi»gffif0cpH7.5/liDM EDTA.280Din(OK3tS80IZ?^SJ; 

ODm TCOK^ffi;5«^{bb;5:t.i:ia:S:«^bT*5<o 

V-)VimLftX^^y^)VY RNase ASa[;6^ 

e>5Mi sto, :Lri^^)\^^a^mmt'^'^uiA^. 0.2 

i^^iC 2 5)fig260nm T(0K3tffi$S15o P D I S&ti26 

[0 0 7 3] hhPD HpAHhPDILyltCj: 

t hPD FpAHhPDILyl«:^l^T. fi^TO 

^)StCt£V>HSA^SSHIS2 3«c [^S¥2-57 5^ 



«r0l¥6-3 8 7 7 1 

22 

885 ^/^axWB^Sll351 ^ (PERM P-113 
8) ] ^J^SGftU;to 
[00 7 4] YPD^U-h (2?6/t^hh'J:/hX 

i; 1.5%3@^^) ±TfiS«UfcHSAaS»«HI S23 
«c<0¥-:3D--i£5iDlOYPDiS* (25i6A5^hh>J 

yhx i%-r-xhx+xh7i7K:fe<i;i;2%:/F'> 

S) tcSaU. 3 0t:T2 4^riS3Sai&«L^. JlcOiS 
SSacliDl^rS 0inl<OYPDS^(C»a^3 0"CTiga« 

4 6al O963pUx^U>^Uii-;i/#4000. 1 0 
Ml i SCN;fectt;7;i';t;'JSaffi [Birnboim, H. 
C. & Doly. J. (1979) Nucleic AcidsRes . _7. 151 
3.]TgifiL;tt hPD I^^y^X^HpAHliPDILyl DN 
A^S^^10Ml (DNA«l2 0Mg») ^iDAfcf'^yx 
^>^tCi;D®^L, 3 Ot:T-^»BL:t. JltliC 1 

LTlHliRLfc. CCDSflc&l 0 Oul <0«S*TJB« 
SD (-Hi -Leu) [SD (-H 

is, -Leu) «^ (0.679g;t5^ hxhpy^'^- 
X, 2 96:/He?«S. 2 0iiig/l (D7xXX [^'^^v' 

3 0108/1 C05^D-», [^^VD-fi^X f^Ui^X 5 
Omg/l o:7xx;i/7^x>, lOOng/I <D7X/X7 
^>S. I^i^;i'^^5>K. 15 Omg/l CO/'^U>. 2 0 
Omg/l (^hW:t-x>:fei:r/3 7 Smg/l 0-feU> (K 
±CD75yKH?a^iW3l»S^aii) ) ^^XS^ L596SS 
^] ±lCS^3 0t:T««Lfc, ^«5 0ST:f^-h 

[0 0 7 5] ^ie»ni^c?^ge^{^: (pAHhPDILyl/HIS23) 
tc-:? ViTKTco^*itc<i; 0 P D I co»iS^i«^)t, do 
i5n > h D-J^^Kt LT. pAHhPDILyl)5^^PDIcDNA 
»^K^Vifca>hD-;i/y^;^^ Hp AH^fflV>T#^ 
n;tJ^KgS*(pAH/HIS23)S:£ilTffi^L/::- h 
JiO3nx-$5iDlC0SD (-Hi s, -Leu) 

icgau3ot:T2 0Wfiffl««L:t« ^o^m^msLi 

OOwl ^ 5 mlOYPD^^tcSaa 3 0*0 2 4^^315 
S««L, ^e.n;/t«a?a: l.Sml^S'ti^PBtCT&^tt-^-O 
±ffl5 0 0 Ail $lHl«L, rnir^$(OX:$'/-;i.$JD 

xA;PU-^-tCci;OiaEE«;<gLfc« ^^t\1t^WL^\ 
O/il OSDS-PAGEffl■t^>y;l'8f6f^ [€2.5iiiMT 
ris-HCl(pH6.8), 2%SDS, > 5 96 i3 - ;< jV:^ :/ h X 

0.00596yD^:7xy-;i':^;u-*5<fct^2 0 

96^U-fe»J>] (rg»U 5»W^j»aSDS-PAG 

r^u- F 4 / 2 0 -1010 (^-ib^sSiaflcSC^itK) t 
mascKi^ff-^^. ^ibSoyjvss^feflK (o.is^^^t 

v-:/UU7>hy;W, 1 0%»K:fe<tl^4 0 9g;)C^ 
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23 

J-M Kfeffi (1 0%g^K:fectt;4 0 5^^ 

94.000y>ll'h>i:. r>>'J6lfg7;i/:/^> (67.000) . :t 
sJ^TJl^y^^ (43,000) , ;ti-#z:;y^77>t H^-if 
(30,000) . h »J >tbf;$^- (20,000) :fe 

cfcr^a-^^? h7;v::^^> (14.000) ^^^i^fc (me 

0) . -ecOi^S, pAHhPDILyllC<toTJ^Me^LfcBS 
H I S 2 3«cT. i>^fi$!)55,000^;Vh>OPD I <D« 

CO 0 7 6] bhPD icOHSA^^j^a^tCjtt-r^am 

V^T. h h P D I (OH S A%a^:>ifclC?t-r ^^a^KT 

[0 0 7 7] 3>hn-;i/:/^;^^ HpAH:fc<tt;t H 
PD I HpAHhPDILyl-?-n;entCcl:oT?^S 
e«Lfc»«HI S2 3«c. EU-^p AH/HI S 2 3» 
*5^i;pAHhPDILyl/HIS23 ttcOffiitU;^^] n 5 

SmKOSD (-Hi s, -Leu) ^JfttcSS 
L3 0t:T2 4^^tSS«$ffoZ^. COttflga^KlO 

omi ^-en^nsfflioYPD^ifttcsats ot;"c2 

SJCcfc 0 S D S - P A G EffiOttW^sHSab S D S - P 

&tt<7)HSA^>i&aSrx>5>h^-^- (IMAGE ANALYS 
IS SYSTEM , x7n«cSC^itSD Tl^Sftb. PD I CO 
*^Stci:«>HSA05!Si^iJ^ficD^{k€l^-<^ (^8 
0) . -^-cojg^, p AH/H I S 2 3«cT¥i50.93ing/ 



! $/^pAEhPDILyl/HIS23 ttT[^i;<1.50iiig/l <OHS 
A^5>»bTfeO, B^H I S2 3»iC:fe6j-^t:hPD 

[0 0 7 81 

E2?*J^&n-Ht"'5DNAtl:hyax^>y:^JI/7>< F 

;t%)(OT&-5o cntcJ:D, s-SiK^(0 
a^ttS V>^<031S <o?s 

bT'bfiEfflTlr^o 

[0 0 7 9] 

wm^ : 1 

E^OSS : 2454 
E^OH : 
®C0» : 

E^oa^ : cDNA to qRNA 

gjg: t Mff«Xlite«Agt 11 cDNA^^:/7U- (CI 
oDtecbtt) 



E^ 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leo Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Fbe Ala 

5 . 10 15 

GAG GCG CTG GCG GCC CAC AAG TAG CTG CTG CTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Gin Pbe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glo Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Glu Glu Tyr Gly Val Arg Gly Tyr 
70 75 80 
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25 26 
CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 393 
Pro Thr lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 . 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asd Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
U5 120 125 130 

TCC TTG CTG GAG TCC AGC GAG GTG GCT CTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

CTG GAG TCG GAC TCT GCC AAG CAG TH HG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Glu Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GH GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr GlD Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TH GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly, Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu As^p 
195 200 205 2llO 

rrr atc aaa cac aac cag ctg ccc cn ctc atc gag ttc acc gag cag 777 

Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TH GGA GCT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

nC HG CCC AAG ACT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Phe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TH GGC CTG 969 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glo Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1113 
Thr Glu Phe Cys Bis Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Mel Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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27 28 
340 345 350 

Cn OT GGG AAG AAC m GAA GAC GTG OCT m GAT GAG kkk PM AAQ 1209 
Leu Val Gly Lys Asn Phe Glu Asp Yal Ala Pbe Asp Glu Lys Lys Aso 
355 . 360 365 370 

GTC m GTG GAG TO TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1257 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375. 380 385 

GCT CCC'An TGG GAT' AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1305 
Ala Pro He Trp Asp Lys Leu Gly Gin Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1353 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glo Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG HC TTT CCT GCC AGT GCC GAC 1401 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC AH GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TH AAG 1449 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1497 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1545 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Fro Asp Met Gin Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 
485 490 



CGCACGCCTC 


CGAAGCCTGC 


1655 


CCTCTCTGAA 


GTGACACCTC 


1715 


GCTTTOGGT 


nTTGGAAAG 


1775 


CCTGAAACCA 


TGATGTACTT 


1835 


CGGAGTCTCG 


CTGCCTCCCT 


1895 


GGGATHTTA 


GACAHTTTC 


1955 


GAGAAGCTTG 


TCCCCCGTGT 


2015 


GCCTGCAGTG 


TCGCCATGAC 


2075 


GGATCCTGTC 


AGGGTGTCCC 


2135 


CCCGGCACAG 


GCCTGGGCCT 


2195 


CTCATTGTGA 


CCACTGGCCT 


2255 


GACCCHGAC 


TCCCGGGTGG 


.2315 


AGHCTTCAG 


GCATHCTAT 


2375 


ATTHACCCA 


CCCAAAAAAA 


2435 






2454 



AAAAAAAAAA CCCGAAHC 
: 2 ®C0» : -*a 

Rmomti : 1545 hJpDv- : 

&n<om : mnomm : mom^ (^-^^dn a) 

mi 

ATG AAG TGG GH ACC TO ATC TCT TTG TO 30 
Met Lys Trp Val Thr Phe He Ser Leu Leu 
-20 -15 
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29 

nC UG TTC TCT 
Pbe Leu Phe Ser 



30 



CCC GAG 
Pro Glu 

GAG GCG 
Glu Ata 
20 

TGG TGT 
Trp Cys 
35 

GGG AAG 
Gly Lys 

GCC ACG 
Ala Thr 

CCC ACC 
Pro Thr 

TAT ACA 
Tyr Thr 
100 
CGC ACG 
Arg Thr 
115 

TCC TTG 
Ser Leu 

GTG GAG 
Va! Glu 

GAT GAC 
Asp Asp 

TAC CAG 
Tyr GlD 
180 
GGC CGG 
Gly Arg 
195 

m ATC 
Phe lie 



GAG GAG 
Glu Glu 
5 

CTG GCG 
Leu Ala 

GGC CAC 
Gly His 

CTG AAG 
Leu Lys 

GAG GAG 
Glu Glu 
70 

ATC AAG 
He Lys 
85 

GCT GGC 
Ala Gly 

GGC CCG 
Gly Pro 

GTG GAG 
Val Glu 

TCG GAC 
Ser Asp 
150 
ATA CCA 
He Pro 
165 

CTC GAC 
Leu Asp 

AAC AAC 
Aso AsD 

AAA CAC 
Lys His 



ACA GCC CCG AAG 
Thr Ala Pro Lys 
230 

TTC HG CCC AAG 
Phe Leu Pro Lys 



(16) 

TCT GCT TAC TCT AGA GGT GH HC AGA AGG GGC Ga 
Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 
-10 -5 1 

GAC CAC GTC CTG GTG QG CGG AAA AGC AAC TTC GCG 
Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

10 15 
GCC CAC AAG TAC CTG CTG GTG GAG HC TAT GCC CCT 
Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

25 30 
TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 
Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 

40 45 50 

GCA GAA GCT TCC GAG ATC AGG HG GCC AAG GTG GAC 
Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 
55 60 65 

TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 
Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

75 80 
TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 
Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

90 95 
AGA GAG GCT GAT GAC ATC CTG AAC TGG CTG AAG AAG 
Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 
105 110 ^ 

GCT GCC ACC ACC CTG CCT GAC GGC Ca GCT GCA GAG 
Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 

120 125 130 

TCC AGC GAG GTG GCT CTC ATC GGC HC TTC AAG GAC 
Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 
135 140 145 

TCT GCC AAG CAG TH HG CAG GCA GCA GAG GCC ATC 
Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

155 160 
TH GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 
Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

170 175 
AAA GAT GGG GH GTC CTC HT AAG AAG TH GAT GAA 
Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

185 190 
TH GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 
Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 

200 205 210 

AAC CAG CTG CCC CH CTC ATC GAG TTC ACC GAG CAG 
Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 
215 220 225 

AH TH GGA GCT GAA ATC AAG ACT CAC ATC CTG CTG 
He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

235 240 
ACT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 
Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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78 



126 



174 



222 



270 



318 



366 



414 



462 



510 



558 



606 



654 



702 



750 



798 



846 
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(17) 1559^6-3 8 7 7 1 

31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala GIu Ser Phe Lys Gly Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC m GGC CTG 942 
Asp Ser Asp His Thr Asp Asd Gin Arg He Leo GlQ Phe Phe Gly Leu 
275 . 280 285 290 

AAG AAG GAA GAG TGC COG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Yal Arg Leu He Thr Lea Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Mel Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leo Thr Ala Glu Arg He 

310 315 320 

ACA GAG nC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys Bis Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC ac GAG CTG CCG GAG GAC TGG GAC AAG CAG Ca GTC AAG GTG 1134 
Met Ser Gin Glu Leu Fro Glu Asp Trp Asp Lys Gin Pro Yal Lys Yal 

340 345 350 

Cn GTT GGG AAG AAC TH GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Yal Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC m GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Yal Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Glu Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val He Ala Lys Uet Asp Ser Thr Ala Asn Glu Yal Glu Ala Yal 

405 410 415 

AAA GTG aC AGC TTC CCC ACA CTC AAG TTC Tn CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA nC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Glo Lys Ala Val Lys Asp Glu Leu 
485 490 

EJ^lOg^ : 491 ^mo>Wm : ^>/^i5^H 
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(18) 

33 34 
Gly Ala Pro Glu Gtu Glu Asp His Val Leu Vat Leu Arg Lys Ser Aso 

1 5 10 15 

Pbe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leo Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Giy Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Ttar Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asd Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asd Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Pbe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Glu Phe Leu Glu Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly He Thr Ser Asd Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr GId Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Php 
180 185 190 ^ 

Asp Glu Gly Arg Asn Asd Phe Glu Gly Glu Val Thr Lys Glu Asd Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu GlD Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asd Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Pbe He 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asd GId Arg He Leu Glu Pbe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Pbe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asd Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asd Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

GlD Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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(19) 4$09¥6-3 8 7 7 1 

35 36 
GIu Asn He Val He Ala Lys Met Asp Ser Thr Ala Asd Glu Val Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val lie Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Glu Asp Gly Ala Gly Asp Asp 

450' ' 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glo Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp GlD Lys Ala Val Lys Asp Glu Leu 
485 490 
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